Hemophagocytic lymphohistiocytosis (HLH) is an often-fatal hyperinflammatory
Introduction
Hemophagocytic lymphohistiocytosis (HLH) is a hyperinflammatory syndrome with high mortality. [1] [2] [3] According to the HLH-2004 study, HLH diagnosis requires fulfillment of 5 of 8 of the following criteria: fever, splenomegaly, bicytopenia, high triglycerides/low fibrinogen, hemophagocytosis, high ferritin, low natural killer (NK)-cell cytotoxicity, and high soluble CD25. 4 Diagnosis of primary, familial HLH (FHL) can also be based on the identification of mutations in genes previously associated with HLH. Typically, FHL patients have an early onset and a severe course of disease. Notably, many FHL patients are affected by meningoencephalitis causing neurologic alterations. 5 Hematopoietic stem cell transplantation (HSCT) is currently the only available curative option for FHL patients. Secondary HLH typically has a later onset and is associated with severe infections, rheumatic disorders, or malignancies. 6 A number of genes are associated with development of HLH. Autosomal recessive mutations in PRF1, UNC13D, and STX11, encoding perforin, Munc13-4, and syntaxin-11, are causative of FHL type 2 (FHL2), FHL3, and FHL4, respectively. [7] [8] [9] Recently, 2 groups independently described mutations in STXBP2, encoding Munc18-2, as the cause of familial HLH type 5 (FHL5). 10, 11 Other autosomal recessive immunodeficiencies associated with the development of HLH are Griscelli syndrome type 2 (GS2) and Chediak-Higashi syndrome type 1 (CHS1), caused by mutations in RAB27A and LYST, respectively. 12, 13 Moreover, patients with Hermansky-Pudlak syndrome type 2 (HPS2), caused by mutations in AP3B1, may also present with HLH. 14 In addition to immunodeficiency, a common denominator of GS2, CHS1, and HPS2 is partial albinism. Patients with X-linked lymphoproliferative syndrome 1 and 2 (XLP1, XLP2), caused by mutations in SH2D1A or XIAP, respectively, also frequently present with HLH, besides lymphomas or hypogammaglobulinemia. 15, 16 The increasing spectrum of genes associated with development of HLH has provided insight into the pathophysiology of this disease. The aforementioned genes encode proteins that facilitate cellular cytotoxicity mediated by cytotoxic T cells and NK cells. 7, 8, 12, 17 In animal models, impairment in cytotoxic function of lymphocytes predisposes to development of disproportionately aggressive immune responses similar to those seen in HLH patients. [18] [19] [20] Furthermore, results with animal models indicate that pathogenic triggers are required for the development of hypercytokinemia and T-cell expansions. Hemophagocytosis is considered to develop secondary to elevated IFN-␥ and is not necessarily observed at early stages in disease. Notably, the expression of gene products associated with HLH is not restricted to cytotoxic lymphocytes. Rather, expression of several of these proteins can be detected in cells of other hematopoietic lineages and even in nonhematopoietic tissues. Thus, although pathogenesis is closely associated with impaired perforin-mediated cytotoxicity, mutations may have ramifications beyond those caused by defects in lymphocyte cytotoxicity.
There is currently limited information regarding the clinical presentation of patients with biallelic mutations in STXBP2. Here we describe 11 persons diagnosed with FHL5: 9 with biallelic mutations in STXBP2 and 2 siblings whose DNA was not available for genetic analysis. We provide a detailed case report of a 17-year-old adolescent patient who illustrates several interesting features of FHL5 and also highlights the difficulties in diagnosis of late-onset primary immunodeficiencies and dilemmas faced in regards to treatment. Notably, observations from this patient and data from other FHL5 patients suggest that, in addition to typical HLH-associated symptoms, FHL5 patients may also present with colitis, bleeding disorders, and hypogammaglobulinemia.
Methods

Patients and controls
Eight families with biallelic mutations in STXBP2, including 3 families with 2 affected siblings, were identified in a cohort of patients without identifiable mutations in the other FHL-associated genes, PRF1, UNC13D, and STX11. Healthy blood donors (n ϭ 95) in Sweden were used as controls. The studies were approved by the ethics committee at the Karolinska Institutet. Patient or parental consent was obtained for all patients in accordance with the Declaration of Helsinki.
Sequencing analyses
Genomic DNA was isolated from peripheral blood or cultured fibroblasts according to standard procedures. Specific primers were used for polymerase chain reaction (PCR) amplifications of exons 1 to 19 and exon/intron boundaries of STXBP2. Direct sequencing was performed according to standard procedures (BigDye, Version 3.1; Applied Biosystems), and reactions were subsequently analyzed by capillary electrophoresis (ABI 3730 Genetic Analyzer; Applied Biosystems). Data were analyzed using SeqScape software (Version 2.5; Applied Biosystems) and a reference sequence template (NCBI accession no. NM_006949.2). Primers, PCR conditions, and sequencing reaction conditions are available on request.
Analysis of cytotoxic lymphocyte function
NK cell-mediated lysis of K562 target cells (ATCC) was assessed using a standard 4-hour 51 Cr-release assay, as previously described. 21 Freshly isolated peripheral blood mononuclear cells (PBMCs) or PBMCs cultured for 48 to 72 hours with 400 IU/mL interleukin-2 (IL-2; Chiron) were used as effector cells and NK-cell activity was calculated as lytic units (LU) at 25% lysis. According to the HLH-2004 guidelines, NK-cell activity less than 10 LU is one of the 8 diagnostic criteria for HLH. 4 NK-cell degranulation was assessed by flow cytometry quantifying induction of CD107a surface expression (⌬CD107a) on CD3 Ϫ CD56 ϩ gated cells in response to incubation with K562 target cells, as previously described. 17 
Results
STXBP2 mutations in patients diagnosed with HLH
Patients from 8 unrelated families carried 11 different mutations, 9 of which were novel (Table 1; Figure 1A ). In total, 4 different missense mutations, one nonsense mutation, one out-of-frame deletion, 2 inframe deletions, and 3 mutations affecting splice sites were identified. One of the splice site mutations, c.1247-1GϾC, was identified in 4 of 8 families of white and Asian origin. This mutation was also described in 9 of 22 families reported by Côte et al 10 and zur Stadt et al 11 ( Figure 1B ). Thus, this STXBP2 mutation is found in 43% of the families so far reported with FHL5. DNA from healthy adult blood donors (190 alleles) was analyzed and found negative for the novel nontruncating STXBP2 mutations.
Case report of patient A
A 17-year-old previously healthy girl of Russian origin (patient A) was admitted with a 3-day history of fever, abdominal pain, and sore throat. C-reactive protein and aspartate transanimase/alanine transaminase were elevated ( Figure 2 ). Heterophile antibody titers for Epstein-Barr virus (EBV) were detected. Platelets were decreased and leukocytes were elevated, whereas hemoglobin was within the normal reference interval ( Figure 2 ). Tonsillectomy and abrasio of the adenoid were performed 9 days after admission because of increasing respiratory difficulties. Severe bleeding necessitated a second surgery procedure the same day. Extubation after surgery was not possible, and the patient was transferred to the intensive care unit (ICU). Despite treatment with antibiotics (cefuroxime), antivirals (aciclovir), and corticosteroids, her vital parameters worsened. Because of severe bleeding and a low platelet count, she received platelet infusions, coagulation factors, fibrinogen concentrate, and intravenous immunoglobulins (IVIG; day 17, 0.17 g/kg; days 19-22, 0.40 g/kg per day). Because of renal failure, the patient was treated with continuous renal replacement therapy. One course of rituximab was administered (day 20, 412 mg/m 2 ) because of a high EBV viral load (43 000 EBV copies/mL blood detected by PCR). In this setting, rituximab appeared to ameliorate parameters of EBV-induced HLH disease severity, including platelets and ferritin. In regards to a diagnosis of HLH, the patient fulfilled 4 of the 8 criteria, namely, fever, splenomegaly, low fibrinogen, and elevated ferritin. Bone marrow aspirate did not reveal hemophagocytosis. As for bicytopenia, only the platelet count was low at admission; anemia developed later but was attributed to severe bleeding. Hence, samples were sent for NK-cell functional analysis on the 23rd day of hospitalization. Pathologic NK cell-mediated cytotoxicity substantiated the diagnosis of HLH ( Figure 3A , LU were calculated for patient A, 3 LU; healthy controls, 227 and 179 LU, respectively). Defective degranulation by freshly isolated NK cells indicated a congenital defect in cytotoxic lymphocyte function ( Figure 3B , induced CD107a surface expression, ⌬CD107a, was determined for patient A, 0.1%; healthy controls, 9.1% and 6.9%, respectively). Notably, a rapidly reversible restoration of cytotoxicity and degranulation after IL-2 stimulation of NK cells was observed ( Figure 3C-D) . Thus, with fulfillment of at least 5 HLH criteria, treatment was started according to the HLH-94 protocol. 22 Etoposide was administered day 26 at a reduced dosage because of the patient's age (100 mg/m 2 instead of 150 mg/m 2 ). In addition, the patient received betamethasone (10 mg/m 2 ) as a substitute for dexamethasone, which was not readily available. After HLH-94 treatment, laboratory and clinical parameters gradually improved with more stable circulation and reduced edema (Figure 2 ; and data not shown). The second dose of etoposide was postponed to week 2 because of the prompt response to treatment. The patient was extubated at day 35 after admission and discharged on day 55. Thus, although IVIG and rituximab at least transiently reduced leukocytosis and improved platelet and ferritin values, etoposide might be required for more long-term immune suppression and clinical remission. During the following months, doses of corticosteroids were slowly tapered, whereas IVIG was administrated every second week because of persistent hypogammaglobulinemia. Still, the patient had recurrent episodes of diarrhea, vomiting, and abdominal pain. Fecal calprotectin was moderately elevated (128 mg/kg). Finally, the patient's severe vomiting and diarrhea instigated rehospitalization 2 months after initial discharge. Calicivirus infection was confirmed by real-time PCR, but the infection cleared within one week of presentation. Colonoscopy revealed diffuse inflammation from cecum to the sigmoid colon, and a diagnosis of inflammatory bowel disease was considered. The colitis improved with oral mesalazin treatment.
According to the parents, the patient tends to develop ecchymosis and has protracted bleeding from wounds, corroborating clinical notes regarding bleeding disorders during her surgery. In retrospect, the patient might have had an earlier episode of HLH at the age of 6 years, when she was hospitalized in Russia with a high fever and symptoms of gastroenteritis. Culture did not identify any causative pathogen. Two years after HLH-94 treatment, patient A is doing well and is a high achiever at school. IVIG is administered on a regular basis because of low immunoglobulins despite being 2 years past a single course of rituximab. At the last follow-up, the lymphocyte profile revealed 90% CD3 ϩ T cells 
Characteristics of FHL5 patient cohort
The age at onset of HLH in our cohort of FHL5 patients varied from 2 months to 17 years, with a median onset of 15 months (Table 1 ; mean age, 54 months; n ϭ 10). If patients previously reported by zur Stadt et al 11 are included, the median age at onset is 9 months (range, 1.5 months to 17 years; mean, 30 months; n ϭ 23). Apart from patient B:2 (who fulfilled 4 of 6 criteria evaluated) and patient H:2, a twin sibling with a confirmed molecular diagnosis of FHL5 at 6 months of age but without symptoms of HLH (presently 8 months of age), the other 9 patients fulfilled the diagnostic criteria for HLH (Table 1) . 4 To date, 8 of the 11 patients are still alive. Two of the patients (patients B:2 and G:2) died before HSCT, whereas patient E died of a reactivated adenovirus infection after a haploidentical paternal transplantation. Of the 8 patients still alive, 5 have been successfully transplanted. Patient A has not received a transplantation but is doing well 2 years past the HLH-94 treatment without any ongoing therapy except IVIG. Patient B:1 developed EBV-induced HLH at 4 years of age and has since then presented with intermittent fever, hepatosplenomegaly, and elevated liver transaminases in addition to chronic diarrhea, a bleeding disorder, and hypogammaglobulinemia. The patient is now 9 years old and recently was treated successfully with the HLH-2004 protocol after the diagnosis of FHL5 was confirmed. Of note, Patient B:1 reportedly also has a growth hormone deficiency. Patient C received a HLA-identical sibling HSCT and now has chronic graft versus host disease causing a malabsorption syndrome with cachexia. Patient D is doing well after a cord blood HSCT. Patient F first received a haploidentical paternal HSCT but on relapse received a second transplantation from an unrelated donor. Notably, the mother of patient F had a history of a miscarriage at week 22 of pregnancy with fetal malformations, including hepatosplenomegaly. Patient G:1 died 3 months after onset of disease and was diagnosed with HLH postmortem. Patient G:2 is doing well after a matched unrelated donor HSCT. Patient H:1 presented, at 2 months of age, with HLH that resolved without treatment, but the patient relapsed one month later, required treatment, and has now undergone HSCT. Interestingly, a twin sister carrying the same mutations (patient H:2), has to date not developed HLH and has successfully cleared a rotavirus infection that elicited increases of alanine transaminase (466 U/L) as well as neutropenia (0.72 ϫ 10 9 cells/L) lasting 2 days.
Neurologic manifestations
Neurologic symptoms during the course of the disease were observed in approximately 50% of the FHL5 patients reported here. Three weeks after initial presentation, patient B:1 was admitted with convulsions and hypotonia. Analysis of the cerebrospinal fluid (CSF) revealed no cellular infiltrate, but a computed tomography of the brain showed a hypodense area in the occipital lobe. Symptoms subsequently resolved. The brother of patient B:1, patient B:2, presented with facial palsy that resolved within one week. Magnetic resonance imaging (MRI) of the brain revealed hyperintensities distributed throughout the cerebellum and cerebrum, suggestive of a demyelinating process. Five months later, he presented with left eye strabismus, in addition to bilateral chorioretinitis. Patient E was irritable without other abnormal neurologic symptoms, and brain MRI performed one week after the HLH diagnosis showed triventricular hydrocephalus without aqueduct stenosis. Analysis of the CSF revealed no cellular infiltrate but was performed a week after treatment according to the HLH-2004 protocol was started. At admission, patient F was hypotonic with vertical nystagmus and later developed ataxia and convergent strabismus. MRI showed abnormalities in cerebellum and in the supratentorial white matter in both hemispheres. The CSF cell count was elevated (72 ϫ 10 6 cells/L). On presentation of HLH, patient G:1 developed a hearing deficiency of unknown cause. However, a computed tomography scan of the brain and evaluation of CSF cell count were normal. Patient G:2 did not present with neurologic symptoms, but the CSF cell count was elevated (17 ϫ 10 6 cells/L). Patient H:1 was reported irritable at admission and the CSF protein was elevated (0.78 g/L), whereas the cell count was normal.
Gastrointestinal symptoms
The observation of an inflammatory bowel-like disease in the index patient (patient A) prompted a review of the other patients for gastrointestinal symptoms. Former histories reported that patient B:1 had chronic diarrhea, cytomegalovirus colitis, and Giardia enteritis; similarly, patient B:2 had chronic diarrhea. Relatively minor gastrointestinal abnormalities were noted in 2 other patients assessed here. Patient C displayed a severe gastroesophagal reflux and a failure to thrive. However, when treatment according to the HLH-2004 protocol began, the vomiting ceased and the patient recovered in weight. Patient E presented with a failure to thrive and inflammation of the lips and oral mucosa. Furthermore, patient G:1 was affected by recurrent abdominal pain. A brother (patient G:2) also had severe abdominal pain and loss of appetite. It should be noted that no gastrointestinal symptoms have been reported for patient G:2 8 years after transplantation. In summary, severe gastrointestinal symptoms may present before typical clinical manifestations of HLH.
Bleeding disorders
As outlined in the case report of index patient A, the patient displayed ecchymosis and a tendency for severe, prolonged bleeding after superficial cuts. The 2 affected siblings in family B also had bleeding disorders. Patient B:1 proved to be thrombocytopenic, along with a prolonged coagulation profile, bloody pleural effusions, and petechiae. Patient B:2 was similarly thrombocytopenic, had a prolonged coagulation profile, and developed petechiae. No obvious bleeding disorders were reported in the remaining patients.
Hypogammaglobulinemia
After EBV-induced HLH, which included treatment with rituximab, patient A developed hypogammaglobulinemia. Because of this, the patient has been administered IVIG. 
Cytotoxic lymphocyte function
Decreased NK-cell activity, typically assessed by quantifying lysis of K562 target cells using freshly isolated PBMCs as effector cells, is a diagnostic criterion for HLH. 4 A value of less than or equal to 10 LU is indicative of HLH. With freshly isolated PBMCs, NK cell-mediated lysis of K562 target cells was below the limit set as pathologic in all patients tested (n ϭ 9; Table 1; Figure 4A ). Degranulation by freshly isolated NK cells was also assessed in 8 of 11 patients. Degranulation by CD3 Ϫ CD56 ϩ NK cells in response to K562 cells was less than 2% in all FHL5 patients tested (FHL5 patients: mean Ϯ SD ϭ 0.4% Ϯ 0.6%; range, 0.0%-1.8%, n ϭ 8; Figure 4B ). Remarkably, on stimulation with IL-2 for 48 to 72 hours, K562 cell lysis and degranulation increased markedly ( Figure 4C-D) , as previously reported for FHL4 patients. 17 These results are in agreement with the findings of Côte et al 10 and zur Stadt et al, 11 describing defective NK cell-mediated cytotoxicity in FHL5 patients.
Discussion
We here describe the clinical presentation of 11 patients diagnosed with FHL5, recently associated with mutations in STXBP2. 10, 11 The presentation can be diverse, from a typical FHL phenotype with onset in infancy (Ͻ 3 years of age) to a more diffuse clinical presentation of patients in childhood or adolescence with colitis, bleeding disorders, and hypogammaglobulinemia.
The index patients in this study presented at the age of 17 years and almost died at an ICU before HLH was suspected and confirmed. In settings of life-threatening infections, immunosuppressive treatment including chemotherapy is not an obvious choice and must be carefully considered. In this case, studies of cytotoxic lymphocyte function clearly indicated congenital defects in lymphocyte cytotoxic function, warranting HLH immunochemotherapy. Genetic studies subsequently confirmed that the patient carries heterozygous compound mutations in STXBP2. Thus, our results underscore how even adolescent patients, whether or not admitted to ICU, may have a severe primary immunodeficiency and urgently need meticulous evaluation of immune function to facilitate rapid diagnosis and treatment.
Including the index patient, 4 of 10 patients in our cohort were 3 years or older at onset of HLH and median age at onset was 15 months (9 months including the patients in the study by zur Stadt et al 11 ) . By comparison, the median age at diagnosis of FHL2, FHL3, FHL4, and GS2 patients has been reported to be 2.3, 6.2, 14.4, and 6.1 months of age, respectively. 24, 25 In terms of age at onset, FHL5 thus most closely resembles that of FHL4. The age at onset, both among different subtypes of FHL and within patients with mutations of different severity in any given subtype, appears to correlate with the degree of defect in NK-cell cytotoxicity. 17, 26, 27 The earliest age at onset and most severe defects in NK-cell cytotoxicity are associated with FHL2. 24 FHL3 and GS2 patients display similarly severe defects in NK-cell cytotoxic activity in vitro, with slight restoration of cytotoxicity on IL-2 stimulation, whereas NK cells from FHL4 patients gain robust degranulation and cytotoxic responses on IL-2 stimulation. 17, 28 The level of NK-cell activity in FHL5 patients with and without IL-2 stimulation therefore resembles that of FHL4 patients, consistent with the direct binding between Munc18-2 and syntaxin-11. 10, 11 However, patients within different FHL subtypes can vary in their onset and presentation of disease depending on mutation severity and environmental factors. Still, the absence of degranulation and cytotoxicity by freshly isolated cytotoxic lymphocytes in the index patient was astonishing considering the late presentation of disease and resolution of many past infections. In this regard, FHL5 patients highlight the immune system's resilience and the contribution to immunity of a cytokine-induced pathway for degranulation and cytotoxicity. This pathway, which is independent of Munc18-2 and, as previously reported, syntaxin-11, allows some function of stimulated NK cells in vitro and may be a factor in the later onset of FHL4 and FHL5. 17 Interestingly, the clinical data suggest that FHL5 might be associated with gastrointestinal symptoms, bleeding disorders, and development of hypogammaglobulinemia. Manifestations of colitis in some of these patients might be explained by impaired immunity and a general hyperinflammatory condition, or could reflect the expression and function of Munc18-2 in cell types other than cytotoxic lymphocytes. As the gastrointestinal tract is the largest lymphoid organ in the body, many immunodeficiencies, including Wiskott-Aldrich syndrome and severe combined immunodeficiency, are associated with gastrointestinal diseases. 29 On the other hand, gastrointestinal symptoms are not a common feature of FHL2, FHL3, or GS2 patients, suggesting that the pathology of FHL does not necessarily lead to gastrointestinal disease, even in the more severe FHL subtypes. 24, 25 Furthermore, in a model of colitis-associated colon cancer, inflammation and cancer decreased in perforin-deficient mice. 30 The increased susceptibility of FHL5 patients to gastrointestinal infections may alternatively be explained by impairments in immunity other than those caused by defective lymphocyte cytotoxicity. Besides cytotoxic lymphocytes, mast cell and neutrophil exocytosis may require Munc18-2. 31, 32 Likewise, Munc13-4 and Rab27a have also been implicated in mast cell and neutrophil exocytosis. 33 Therefore, impairments of mast cell and neutrophil functions may not be unique to FHL5 patients. Notably, the initial reports that cloned and characterized mammalian Munc18-2 proteins described widespread expression in epithelial tissues, such as the kidney and intestines, with localization to the apical surface of the plasma membrane. [34] [35] [36] Thus, Munc18-2 in gastrointestinal epithelial cells might act to maintain epithelial integrity, but more patients and mechanistic studies are required to determine the cause of gastrointestinal symptoms. Whereas we have highlighted that HLH patients might first present with colitis, James et al have described 7 patients with inflammatory bowel disease that developed HLH-like disease, including hemophagocytosis and had a 29% rate of mortality. 37 Notably, infections with herpes viruses precipitated disease in the majority of these patients. Thus, inflammatory bowel disease with ensuing HLH could be associated with STXBP2 mutations. Our findings should precipitate further research on the link between defective secretory mechanisms and inflammatory bowel disorders. In this context, defects in the secretory pathway are a proposed cause of Crohn disease. 38 In regards to bleeding disorders, patient A and the 2 siblings in family B displayed clinical symptoms consistent with abnormal bleeding. Whereas disorders of coagulation have been associated with delayed bleeding, deep dissecting hematomas, and hemarthrosis, disorders of platelets rather cause petechiae, superficial ecchymoses, and prolonged bleeding from superficial cuts, 39 much like the symptoms observed in some of our patients. Disorders of platelets are a feature of CHS1 and HPS2 because of defects in dense granule biogenesis. 40, 41 Results from one of several studies on the role of multiple Munc18 isoforms in platelet function 42, 43 suggested the participation of Munc18-3 in platelet granule exocytosis. 43 Munc13-4 and Rab27a are also implicated in platelet granule exocytosis, 44 but bleeding disorders have not been noted in FHL3 or GS2 patients. Although assessment of platelet function is warranted in FHL5 patients, only 27% of our patients had clinically notable bleeding disorders. Unexpectedly, we report hypogammaglobulinemia in 36% of the patients, typically after EBV-induced HLH episodes. Hypogammaglobulinemia is not a common feature of HLH 45 but affects approximately 30% of XLP1 and XLP2 patients and develops progressively either before or after EBV infection. 16, 46 In XLP1 patients, a deficiency in NKT cell development was suggested as a cause of hypogammaglobulinemia, 47 but recent evidence pointed to defective interactions between CD4 ϩ T cells and B cells as contributors to the decline of B-cell memory. 48 However, how the loss of Munc18-2 might contribute to the demise of humoral immunity in FHL5 and XLP2 patients, respectively, is not clear. In summary, mutations in STXBP2 appear to display a discrete spectrum of symptoms, some of which may have an impact beyond the realm of pediatric hematology. Colitis, bleeding disorders, and hypogammaglobulinemia may indicate STXBP2 mutations before onset of HLH.
With increased knowledge of the molecular pathogenesis of HLH, cases previously assumed to be secondary in nature can now be explained by congenital defects, as is increasingly the case for many immunodeficiency syndromes. 49 Being able to identify and subcategorize late-onset patients with mutations in HLH-associated genes, with decreased clinical penetrance and milder or atypical presentations, raises many questions regarding treatment. Notably, treatment of our index patient with rituximab appeared to at least transiently ameliorate disease severity, in line with successful rituximab therapy of EBV-induced lymphoproliferation in XLP1 patients. 50 However, in EBV-HLH, it remains unclear whether EBV resides in B cells or in T and NK cells, and usage of rituximab in this setting needs caution. Currently, in the HLH-2004 treatment protocol, when a genetic cause of the disease is molecularly confirmed, it is recommended to proceed to HSCT. 4 In our cohort of FHL5 patients, 3 of 11 patients are still alive without a HSCT: one without symptoms and the others 2 and 6 years after onset of symptoms, respectively. In the previously described FHL5 patient cohorts, recurrent disease with spontaneous remission or response to steroids has been reported in 3 of 22 patients. 10, 11 HSCT for FHL is a high-risk procedure associated with significant posttransplant morbidity and mortality, 22 but if HSCT is postponed this must be balanced with the continuous risk of HLH relapse, including the risk of developing neurologic abnormalities. Moreover, patients carrying biallelic PRF1 mutations associated with residual protein function indicate an elevated risk of developing hematologic malignancies, 27 and it is possible that patients with biallelic mutations in other FHL-associated genes could also have an increased risk of malignant transformation. Thus, a possibly increased prospective risk of malignancies, combined with heightened susceptibility to severe viral infections, risk for HLH relapse, and risk for neurologic damage must be taken into account if HSCT is postponed.
In conclusion, knowledge about HLH and the diverse clinical presentation is important for clinicians working not only within pediatric hematology, but also for general hematologists, infectious diseases specialists, gastroenterologists, and intensivists. A correct BLOOD, 14 OCTOBER 2010 ⅐ VOLUME 116, NUMBER 15 For personal use only. on June 9, 2017. by guest www.bloodjournal.org From diagnosis with adequate treatment can be life-saving in these patients.
